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Helices are the most common structural element in proteins, which are often stabilised by 

interactions between oppositely charged side chains. Consequently, changes in the pH of the 

solvent, which cause a change in the protonation of these side chains, can lead to destabilisation of 

the helix, thereby affecting the structure and function of the protein. This is exploited by nature to 

trigger a variety of physiological processes[1], but can also lead to undesirable processes such as 

protein aggregation[2]. In addition, pH-dependent helix-coil transitions have the prospect of 

technical applications including biomaterials and engineered pH switches[3]. For the computational 

study of the above-mentioned processes, a correct prediction of pH-dependent effects on the 

structure of α-helices is of utmost importance. 

To investigate whether the pH-dependent unfolding of α-helices can be adequately described by 

MD simulations, we have compiled a set of benchmark peptides known experimentally to undergo 

a pH-dependent helix-coil transition. We compared the performance of two popular AMBER force 

fields (ff14SB and ff19SB) with respect to their ability to reproduce the experimentally observed 

difference in helical content (HC). Each simulation was carried out over a time span of 1 µs and 

was simulated in triplicate in order to increase the reproducibility and structural convergence. Our 

simulations show that both ff14SB and ff19SB are able to detect pH-dependent structural changes 

for the benchmark peptides. However, on a quantitative level, there are distinct differences between 

the two force fields with respect to the change in helical content or the relative strength of polar 

intramolecular interactions. Finally, we investigated the performance of ff14SB and ff19SB for two 

peptides (O13 and O16) that have been optimised for helix stability, but the pH dependence of their 

stability is unknown.[4] Both force fields model a decrease in HC at acidic pH for O13. We were 

able to confirm these observations with circular dichroism (CD) spectroscopy measurements of in-

house synthesised peptides. All simulations of O16 show a consistently high HC under different 

pH conditions, suggesting that O16 is stable at basic and acidic pH. Our experimental 

measurements corroborate these findings. Thus, our results indicate that both force fields, ff14SB 

and ff19SB, can be used to identify pH-dependent switches in peptides. 
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